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Copper-versus palladium-catalyzed aromatization of 2-(methoxycarbonyl) tetralones: synthesis of methyl 1-hydroxy-2-naphthoates
Introduction
Naphthol derivatives bearing an ester group at the β-position showed widely biological and medicinal properties. For instance, methyl 1-hydroxy-2-naphthoate (1a, MHNA) 1 and ethyl 1,6-dihydroxy-2-naphthoate (2) 2 have shown inflammatory properties and the corresponding tetrazole derivatives are potential antiallergy agents.
3 This 1-hydroxy-2-naphthoate unit is present in natural products such the cytotoxic compounds 3-hydroxymollugin (3) and 3-methoxymollugin (4) . 4 In addition, these hydroxynaphthoates have been used as precursors for the synthesis of taiwanin C, 5 a epipodophyllotoxin analog, 6 α,β-sorigenin methyl ethers 7 and olivine trimethyl ether. 8 1-Hydroxy-2-naphthoates can be synthesized by: a) reaction of isocumarins with the Reformatsky reagent, 7 b) annulations of 2-formylbenzoate thioacetals with α,β-unsaturated esters followed by hydrolysis of the thioacetals with N-chlorosuccinimide or with mercury(II) perchlorate, 9 c) a three-component reaction of an aryne precursor, β-keto sulfones and α,β-unsaturated esters, 10 d) lithiation-carbonylation of α-methoxynaphthalenes, 6 e) condensation of phthalides with α,β-unsaturated esters, 8 and f) intramolecular cyclization of aryl substituted alkenyl β-keto esters by means of phenylselenyl chloride in the presence of FeCl 3 11 or by palladium. 12 Although, the most direct way for the preparation of these 1-hydroxy-2-naphthoates is the brominationdehydrobromination of 2-substituted α-tetralones 5 bearing an ester group at the 2-position. 2, 3, 13 Alternatively, dehydrogenation reactions of compounds 5 using an excess of an α-iodoxybenzoic acid derivative 14 or 5% palladium on carbon in refluxing pcymene 6 have been used. We communicate here the first catalyzed direct aromatization 2-(methoxycarbonyl)-α-tetralones (5) to methyl 1-hydroxy-2-naphthoates (1) under very simple and mild conditions using CuI or Pd 2 (dba) 3 as catalysts.
Results and Discussion
During our studies on the arylation of 2-(methoxycarbonyl)-α-tetralone (5a) with 2-bromoanisol in the presence of copper salts, the so called Hurtley reaction, 15 we used the conditions recently described by Kwong et al. 16 for the arylation of 1,3-dicarbonyl compounds. 17 Interestingly, we found out that the use of CuI (5 M A N U S C R I P T
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Tetrahedron 2 mol%), picolinic acid (10 mol%) as ligand and Cs 2 CO 3 as base in dioxane 16 at room temperature (30 ºC) for 2 d afforded exclusively MHNA (1a) instead of the corresponding α-arylated tetralone. At the same time, trying the Miura, 18 Buchwald 19 and Hartwig 20 palladium-catalyzed conditions, such as Pd 2 (dba) 3 (2.5 mol%), K 3 PO 4 as base in toluene at 70 ºC under Ar atmosphere, the same aromatization process was observed. These unexpected results prompted us to develop reaction conditions to the general synthesis of 1-hydroxy-2-naphthoates 1 from the corresponding 2-(methoxycarbonyl)-α-tetralones 5.
Firstly, the starting 2-(methoxycarbonyl)tetralones 5a-5h were prepared by methoxycarbonylation of commercially available α-tetralones by means of dimethyl carbonate using 60% NaH as base under reflux in excellent yields (Scheme 1).
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Scheme 1. Synthesis of keto esters 5.
With the starting tetralones 5 in hand, they were submitted to the copper-catalyzed aromatization conditions (Table 1 ). In the case of tetralone 5a the corresponding MHNA 1a was obtained in 70% yield working with CuI (5 mol%), Cs 2 CO 3 as base and picolinic acid (10 mol%) as additive under Ar atmosphere at 30 ºC during 48 h (Table 1 , entry 1). This yield was increased to 85% using 10 mol% of CuI and 20 mol% of picolinic acid (Table  1 , entry 2). In the absence of CuI the reaction gave 1a in 32% yield (Table 1, entry 3) . However, in the absence of picolinic acid, CuI was able to catalyze the aromatization of 5a in 77% yield ( Parallel studies were considered during the scope studies of this aromatization process with different substituted α-tetralones Table 2 ). The synthesis of 1a was carried out under the selected Cu-and Pd-catalyzed reaction conditions in 85% and 70 % yield, respectively ( Table 2 , entries 1 and 2). In the case of 7-methoxy substituted α-tetralone 5b naphthoate 1b was obtained in a higher 94% yield under CuI catalyzed conditions ( Table 2 , entry 3). However, by using Pd 2 (dba) 3 (1 mol%) the addition of Bu t 3 PHBF 4 (4 mol%) was necessary to achieve a 40% yield (Table 2 , entry 4). Naphthoate 1c, with a methoxy group at the 5-position was also obtained in higher yield when CuI was used as catalyst (89% versus 70%, Table 2 , entries 5 and 6). The aromatization of the 6,7-dimethoxy substituted α-tetralone 5d only worked with CuI giving 1d in 47% yield ( Table  2 , entries 7 and 8). Monomethoxylated α-tetralone 5e gave the 5-methoxynaphthoate 1e in 87% and 69% yield, respectively ( Table 2 , entries 9 and 10). The α-tetralone 5f with a fluorine substituent at the 7-position gave product 1f in 77% and 53% yield, respectively ( Table 2 , entries 11 and 12). Lower yields (57% and 35%) were observed in the case of the 4-methyl substituted α-tetralone 5g ( Table 2 , entries 13 and 14) . Finally, the 6-benzyloxytetralone 5h gave product 1h in very good yields under both reaction conditions (97% and 83%, Table 2 , entries 15 and 16). A possible mechanism for the copper-catalyzed process could be the formation of the α-hydroxylated 2-(methoxycarbonyl)-α-tetralone followed by dehydration to the unsaturated α-tetralone and enolization to the naphthoate. This proposal is based on the described methodologies above mentioned, the α-hydroxylation of acyclic 1,3-dicarbonyl compounds by means of cesium salts in DMF 24 and the Cu-catalyzed oxidation with oxaziridines. 25 On the other hand, aromatization processes from α-hydroxy tetralones by dehydration have been described. 26 However, in the case of the Pd-catalyzed aromatization, the first α-hydroxylation step was discharged because the Pd-catalyzed reaction was performed under Ar atmosphere. Most of the described Pdcatalyzed α-hydroxylation methodologies are performed in the presence of air or other oxidants. 27 We have proposed the initial formation of the O-palladium enolate in equilibrium with the Cpalladium enolate, which evolves by β-hydride elimination to the same unsaturated α-tetralone. In fact, aromatization processes of cyclohexanones and cyclohexenones catalyzed by CuCl 2 , 28 iodine, 29 vanadium oxides 30 or Pd 31,32 have been described. Final 1,6-tautomerization of this unsaturated α-tetralone would provide the corresponding naphthol.
Scheme 3.
Proposed mechanisms for the aromatization processes.
Conclusions
The aromatization of tetralones 5 to 1-hydroxy-2-naphthoates 1 occurs under copper-catalyzed conditions in high conversions at 70 º C, in spite of the substituent at the aromatic ring. In contrast, the palladium-catalyzed reaction conditions showed to be very sensitive to substituent effects. The aromatization of 2-(methoxycarbonyl)-α-tetralones with CuI is less expensive and can be performed in the presence of air, leading to the corresponding methyl 1-hydroxy-2-naphthoates in better yields and shorter reaction time. 
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Experimental section
General
Melting points were determined on a Fisatom 430 apparatus.
1 H NMR and 13 C NMR spectra were obtained using a Varian Gemini-200 (400 and 500 MHz) with CDCl 3 as solvent and TMS as internal standard. IR spectra were recorded on a Nicolet 510 P-FT. Low resolution's mass spectra were obtained at 70 eV by electron impact in a unit for direct insertion, MS Micromass MM12F. Analytical TLC was performed on Merck aluminum sheets with silica gel 60 M A N U S C R I P T
A C C E P T E D
ACCEPTED MANUSCRIPT 5 F 254 . For flash chromatography, Merck silica gel 60 (0.040-0.063 mm) was employed.
Typical procedure for the synthesis of 2-(methoxycarbonyl)tetralones 5.
A solution of α-tetralone (10 mmol) in dimethyl carbonate (5 mL) was added to a stirred suspension of NaH (60% dispersion, 15 mmol) in dimethyl carbonate (10 mL) under argon atmosphere. The solution was refluxed and once the reaction was judged complete after a TLC test the solvent was evaporated. The resultant solid was dissolved in hydrochloric acid (2 M) and the phases were separated. The aqueous phase was extracted with ethyl acetate (3 x 15 mL) . The organic extracts were dried (MgSO 4 ) and evaporated to dryness. Flash chromatography (EtOAc/hexane 10%) afforded the pure products. Methyl 1-oxo-1,2,3 
Methyl 7-fluoro-1-oxo-1,2,3,4-tetrahydronaphthalene-2-carboxylate (5f).
37 Yield 93%; brown solid; mp = 55-57 °C; R f 0. 
Methyl 5-(benzyloxy)-1-oxo-1,2,3,4-tetrahydronaphthalene-2-carboxylate (5h). From 5-(benzyloxy)-3,4-dihydronaphthalen-1(2H)-one (7)
. 39 173.2, 170.8, 165.1, 155.9, 155.1, 137.1, 136.7, 133.1 
General procedure for direct aromatization reaction under
Cu catalysis.
To a mixture of tetralone 5 (0.2 mmol), CuI (4 mg, 10 mol%), Cs 2 CO 3 (195mg, 0.6 mmol) was added degassed 1,4-dioxane (3 mL) and the mixture was stirred at 70 ºC under air for the time indicate in Table 2 . Then water was added (10 mL) and the reaction was extracted with ethyl acetate (3 x 10 mL). The combined organic phases were dried over MgSO 4 , and evaporated under vacuum. The pure compounds were obtained after flash or preparative chromatography.
General procedure for direct aromatization reaction under Pd catalysis.
To a mixture of tetralone 5 (0.2 mmol), Pd 2 (dba) 3 (5 mg, 1.25 mol%), K 3 PO 4 (127 mg, 0.6 mmol) was added toluene (3 mL) and the mixture was stirred at 70 ºC under argon for the time indicate in Table 2 . Then brine was added (10 mL) and the reaction was extracted with ethyl acetate (3 x 10 mL). The combined organic phases were dried over MgSO 4 , and evaporated under vacuum. The pure compounds were obtained after flash or preparative chromatography. 139.3, 125.8, 125.3, 119.6, 117.9, 117.7, 106.2, 104.2 M A N U S C R I P T 
Methyl 1-hydroxy-2-naphthoate (1a
Methyl 5-(benzyloxy)-1-hydroxy-2-naphthoate (1h
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